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It is worth while, perhaps, to compute the approsi- 
mate mass of the atmosphere and of each of its more 
important constituents. An esact calculation of these 
masses is not possible from the limited datu me now 
have.' However, since but little gas of any kind estends 
beyond the 100-kilometer level, RS we know from auroral 
and meteoric phenomena, it seems that both rotational 
and decrease-of-gravity effects must be small, and that 
the following computed nlinimunl possible values are 
close to the esact values. 

Totd m . s s  of the atmo,sp7~ere.-Thc total mass B of the 
atmosphere, in gams, is given approsiniatcl by the 

mercurial barometer, in centimeters, at  the nctual sur- 
face of the earth; the density of mercury; :ind the area 
of the earth in square centimeters. These several d u e s  
are: Average height of the barometPr,2 at  normal gravity 
and Oo C., 73.7 cni.; density of mercury at  0' C., 13.5951; 
area of the earth, 51 by 1 O l 7  cni.2 

continued product of the world average heig E t of the 

Hence 

A -73.7 x 13.5951 x 51 x 1017 gr:mnis, 
= 51 1 x 10 l6 kilograms. ' 

l 1h . t~  va: )or.-Assuniina the distribution of huniidit,y 
given by Arrhenius3 to Ke substantially correct, and 
substituting his values in IIitnn's equation ' for the total 
water vapor W in the atmos here, it appears that, on 

layer 2.6 centimeters deep covering the entire ewih. 
Hence, closely, 

the average, this vapor is t. R e equivhlent of a water 

W= 2.6 x 51 x lotT grams, 
= 1336 x l0l3 kilograms. 

Per,nment constituents of the al.mosyl~rrc.-To find the 
approximatme amounts of the permmen t gnseous con- 
stituents of the atmosphere, assume: ((L) That the per- 
centages of these several gmes are constant, in  the 
absence of water vapor, throughout the troposphere ; 
(b) that in the stratosphere t.liese gsses are distributed 
each as though it alone were resent. These assump- 

effective 8s a mixing agent, is active in the troposphere 
and absent in the stratosphere. 

tions are based on the facts t P let vertical conrection, 

~- 
1 Jeans. The Dpamical  Thmry uf (;lase#, rh. xv; Woodwnrd. Bull. .<mer. N d h .  8w., 

2 IIann. Lchrbiich der 3frtenrokgir, 311 d i i  inn. p. 1132. 
'Phi l .  Mag.. l.W, 41: %I?; Hann, Lehrbuch dcr Metmrobgie. 3d edltion, €1. 235. 
4 Lehrburh der Mdcoroloprr, 3d edition, 11. 231. 

1900, 6: 143. 

Hence the total mass M of any one of the permddnt 
gases of t.he atmosphere is given approximately by the 
equation 

in which 7c is the fraction of the whole atmosphere, d u -  
sive of the water va or, in the stratosphere; A the C o d  

vapor in the atmosphere; 1' the volume per cent' of fhe 
gas in question in dry nir; .m' the molecular weight ob . 
this gas; and in  the virtual niolecular weight of dry air. 

and other good authorities, th6 

their respective molecular weights, are : 
Kitrogen .......................................... 78.03 28.02 
oxygen-. ........................................ 20:fB 32:oo 
Argon.. ........................................... .. gq. ,  ma8 
CLrhon dioxide. .................................. ..m '*a0 
Hydrogen.. ...................................... .01 2. d2 
Beoa 0.0133 N;bi 
Iirypton XI"& 0005. 83.9 4.00 
Heliuni.. 

Ssnoii ........................................... .000008 130.2 
Dry air.. ................................................... 7.21.97 

Since the height- of the troposphere varies with latitude, 
it, follows that the percentage of the total air in: . tG 
troposphere over any given place also is a function d 
latitude, its it is likewise of season and of weather condi- 
tions. However, from what is known of the upper air 
we niny assume, :IS a fair approsiniation, that the WOPM- 
wide averiigc! height of tho barometer nt the base of the 
stratosphere is 145 mm. 

Substituting t.he proper values in (1) we have, for 
nitrogen , 

Troposphere. Stratosphm. 
M=(l-k)(A4- W)Vm'/m+k(A- W)V (1). 

mass of the atmosp R ere; W the total amount of w&& 

volume percentages o 9 the constituents of dry.air, and 
According to Rnolsa 

............................................. c ......................................... 
........................................... 

- .  
5 1 1 ~ 1 0 1 0 - 1 3 2 G ~ 1 0 1 3 ~ ~ ) X 2 ~ ~ ~  78.03 28.02' 

X7f;g) -- = 38722986 X 1011 
t . '  

kilograms. ' ' , I ; * ;  

d u e s  01 only 1.' and 111'. 
Similarly for the other gases, varying, accordingly, the 

Hence the to td  iiiasses of the atmosphere and of ik 
several coiistituent,s are, approsimtitely- 

KilOgl7p, 
-1 t.ninaplicre.. ........................................ 511>i3Ch6 
Ni t . r o g n .  ........................................... R!3??39S8X10L1 
Oxygen. ........................................... 115W39X10!1 

Wakr vapor. ....................................... 133600X10!1 
V:i~!mr~ diosirJe. .................................... 2165!3Xlib*1 
I€ydrogen. ......................................... 1 I 1 X  lo1' 

G4X10fl hr!'ptOii ............................................. 
I I d i u n i .  ............................................ . 0x101' 
Seiioii. ............................................ 11.6X](lf* 

A q ~ i ~ l  ............................................... 6239%5X10?' 

?\:WJil.. ............................................. 571XlOU .~ 

y I'm. Boy. Sor.. IW?. SO: ,599. 
6 TIila value is given in tlic Bmreil dr Ctmukratrr Physiqfira, and Is accepted by g.ne. 

Somc authnrltles. howevcr. give murh smallcr valiirs. 
7 Virlual, or weighted nrmage, molecular weight. 


